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FOREWORD 


The  research  work  described  In  this  report  was  performed  by 
the  Frankfcrd  Arsenal,  U.S.  Army  Munitions  Command,  Philadelphia, 
Pennsylvania,  for  the  Directorate,  Operational  Support  Engineering, 
Crew  Equipment  Division,  Parachute  Branch,  Aeronautical  Systems 
Division,  Wright-Patterson  Air  Force  Base,  Ohio.  The  work  was 
accomplished  under  Air  Force  MIPR  33*616*58>47.  Captain  R.  L. 
Hester,  of  the  Parachute  Branch,  ASD,  was  the  project  and  task 
engineer.  Ihe  rjcsearch  program  was  conducted  from  August  1S58 
to  May  l^BOV  and  was  carried  out  by  the  Research  and  Development 
Group  of  Frankford  Arsenal.  The  work  was  performed  by  J.  M. 
Farrell. 


ABSTRACT 


Cartridge,  Powder  Actuated  Cutter,  XM83,  was  developed  as  a 
replacement  for  the  explosive  actuator  In  the  MC-1  reefing  line 
cutter  used  with  heavy  duty  parachute  assemblies.  Firing  tests 
demonstrated  that  this  cartridge,  loaded  with  6  grains  of  M2  pro¬ 
pellant,  2  grains  of  A4  black  powder,  and  an  M29A1  primer,  de¬ 
veloped  the  pressure  required  by  the  cutter  to  sever  the  nylon 
line  specified  in  requirements. 
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In  April  155S,  t;h?  Wright  Air  Developntent  Division  requested 
the  Department  of  the  Army  to  design,  develop,  fabricate,  and  test 
a  cartridge  to  be  used  with  the  TOTCO*  Mechanical  Initiation  Timer 
(Figure  1)  In  the  MC-1  reefing  line  cutter  for  heavy  duty  parachute 
assemblies,  llte  cartridge  was  to  replace  the  T2E5  explosive  actua¬ 
tor  and  the  T47  delay  assembly  currently  used  In  the  MC-1  cutter. 


DEVELOPMENT 
Military  Requirements 


The  following  are  the  principal  military  requirements;  a  de¬ 
tailed  statement  of  requirements  Is  juive.-  In  the  Appendix. 

1.  The  cartridge  was  to  be  hermetically  sealed,  was  not  to 
protrude  beyond  the  r.nd  of  the  TOTCO  timer,  and  was  to  be  so  de¬ 
signed  that  no  modification  of  the  timer  wuld  be  required. 

2.  The  cartridge  was  to  develop  sufficient  pressure  to  cause 
je  blade  of  the  cutter  to  sever  a  2-ply,  6000-pound  nylon  reefing 

line.  ^ 

3.  Th?  cartridge  wh<s  t-.;»  cprtr.tr  f  iti«  f-.ctorily  at  temrera- 
tures  of  -65''  tr  KO  f. 


Or  -  I  gM 


The  develci'.mcnt  of  f.  c -.rtridgr  r.-iblc'  for  use  ^  the  MC-1 
reefing  11, te  cutter  v'-.x  limited  almc-t  entirely  to  the  .re tcctco;: 
of  the  charge.  Tr-.r  jCM*’'  cartridge  - .rirp  is  similar  to  the  T295 
Initiator  cartrldkc- ,  exc- rt  th  t  i'  •  -  .rv-r. 


*A  proprietary  Ite.-n  .  f  tne  Techr.lf.l  »'il  T.-d  Ctrp.,  Los  Ange.lts, 
Calif. 
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Totco  Mechanical  Initiation  Tlnsr 
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Operatlor. 


The  cartridge  consists  ef  a  case,  head,  powder,  and  primer. 
When  the  primer  Is  str-ck  by  the  firing  pin,  the  powder  Is  ignited 
and  the  gas  pressure,  generated  against  the  cutter  blade,  severs 
the  shear  wire,  allowing  the  blado  to  move  forward  to  cut  the  r.ylon 
reefing  line  (Figure  2 j • 


TESTIVC. 

Prallffllr.ary  lliarge  Establishment 


To  dctermlre  thM  composition  and  weight  of  the  ballistic  charge 
necesaar/  fer  pivner  eper-^tion  cf  the  cutter,  25  modified  1183  car¬ 
tridges  were  loaded  with  different  weights  of  propellant.  In  some 
of  the  prellmlnar*  firings,  these  cartridges  were  fired  In  tesc 
models  which  vrert  «lmllar  to  the  MC-1  r.-eflng  lire  cutter  except 
that  the  body  cl!  the  cutter  had  a  thicker  wall,  which  enabled  the 
use  of  a  piezo  gags  to  measure  pressure;  In  other  firings  an  MC-1 
cutter  was  used. 

Cf  the  ten  M.i-l  c  .ctcts  received  by  Frankford  Arsenal,  two 
were  essembled  with  al-.-nlnum  and  eight  with  brass  shear  wire.  Tests 
were  made;  the  aluml-um  wire  s'. eared  when  a  force  of  16  pounds  was 
applied,  and  th-  brass  •hear.-rd  at  105  pounds.  No  extra  wire  was 
supplied  by  the  Air  i  .rre,  «c>  an  available  copper  vlre  which 
sheared  at  110  7f>.;r;ds,  v-.s  usee  ,:n  thf*  firings,  I.-iptru-nontatlon  for 
the  firing  t:*t«  cc’  ?l.-v.ed  cf  a  pli^ro  gage  connected  to  elth'r  an 
osclllcscop?  kr  r-\n  rscillograp'r  . 

In  the  firs';  .f  the  thrse  prtlimlnaTy  firing  progrims.  five 
rounds  were  fired  at  >.-t»bltr.t  ttmC'Ciahurc- .  Each  round  was  leaded 
with  five  grains  .  f  Mi  -topeliant  I  t  9701,  with  -n  v.016-lnc'rt 

web)  and  an  Mt9Al  rrin»;r.  In  ail  l-.sta-.cts  f-e  car?  r  L' er  cose  rap¬ 
tured  at  the  x'n.  uldr  r  instead  of  petailing  at  t*'o  base.  Th?  c' s  j  1  v s 
of  these  firings  folt.w. 

Round  ^'r-s-'Jre 


No. 

(>  sl> 

f'Vniar'-  ■? 

1 

N.> 

1:. 

y  tr.uner  tatlcn 

R-o:  Ir  g 

Ur 

parti  ally 

sh:;.ared. 

2 

No 

ir. 

y';rumfcnt:atlcT. 

Reel Ing 

ll- 

V  par'-lallv 

eh'- are  d. 

3 

500 

R«-ef  Ing 

llr 

.e  partially 

s':..?  a  rad. 

4 

500 

R=>f  ting 

Ur 

completely 

■  sheared 

5 

No 

i;v 

-'tr..'Ti'’r.*‘at  Ion 

Rt  e  f Ing 

Ur 

a  ctmc  letc' "Ly 

sh-rared 
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Figure  2.  MC-1  Reefing  Line  Cutter 


Substandard  T183  cartridge  cases  were  used  in  the  experimental 
tests,  since  these  cases  were  readily  available.  In  subsequent 
firinge-asd-f Inal  engineering  tests,  standard  XM83  cases  were  used. 

In  the  second  firing  program,  each  of  -the  cartridges  was  loaded 
with  seven  grains  of  M2  propellant  (RAO  Lot  9701)  and  two  grains  of 
A4  black  powder.  An  average  pressure  of  approximately  1000  psi  was 
developed  in  these  rounds.  The  reefing  line  was  sheared  cleanly  in 
all  rounds.  The  results  of  rounds  6  thr-tugh  10  are  given  below. 


Round 

Pressure 

Temp 

Position  of  Reefing  Line  with 

No. 

(pat) 

m 

respert  to  Cutter  Axis 

6 

1100 

70 

Thick  eras'-  section  perpendicular. 

7 

1050 

70 

Thin  cress  section  perpendicular 

8 

980 

70 

Thin  cross  section  perpendicular 

9 

900 

-65 

Thick  cross  section  perpendiculr 

10 

950 

-65 

Thin  cross  section  perpendicular. 

In  the  third  firing  program,  which  lid  to  the  final  develop¬ 
ment  of  the  cartridge,  nine  rounds,  each  loaded  with  six  grains  of 
M2  propellant  (FAD  let  9701),  two  grains  of  A4  black  powder,  and  an 
M29A1  primer,  were  fired.  li.e  following  tabulation  lists  the  times 
recorded  from  actu^;tlon  of  the  cartridge  to  severance  of  the  reef¬ 
ing  line,  with  temperaturis  and  pres?uces  developed. 


Round 

T'fcmp 

Pressure 

Time 

No, 

(  f  'l 

(msec) 

1 

70 

650 

81 

2 

70 

660 

82 

3 

70 

6M7 

85 

4 

-h5 

380 

9U 

5 

•63 

390 

92 

6 

-65 

560 

100 

7 

200 

7d,0 

) 

8 

200 

800 

7(< 

9 

200 

V  90 

75  1 

The  nlneti':".  rourds  llxtd  in  t-c-  pri  1  imlr  ar-/  charge  c -'tabllsh- 
ment  program  dt  m-.  *  st  rated  that  f-e  cc^pp.  r  wire  ust-d  In  fe.^ts  with 
the.  working  models  xh-ired  w*;.n  h  forte  of  110  pounds  v’as  applied. 
The  brft:?s  shear  wire  s-.p-plled  with  eight  of  the  MC-l  cutters 
shear^d  at_105  pounds,  and  the  aluminum  shear  wire  In  the  Mr.-l 
cutter  sheared  hit  16  pounds. 
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?l.r.al  i^Tiarge  Establishment 


0.1  this  basis  ci‘  data  f/btatr.ed  In  the  crellminary  firing  pro¬ 
gram,  it  was  concluded  that  the  charge  used  in  the  last  nine  rounds 
produced  the  desirixl  epers^tion  of  the  cutter.  This  charge  consisted 
of  six  grains  of  M2  prorellant  (RAD  Lot  9701),  two  grains  of  A4 
black  powder,  and  an  M29Ai  primer. 


To  confirm  the  adequacy  of  this  charge  and  to  further  demon¬ 
strate  that  the  cutter  would  operate  satisfactorily  with  this  car¬ 
tridge  (designated  XMS3) ,  a  final  firing  program  was  scheduled.  In 
the  first  of  these  fir-al  firings,  conducted  after  the  cartridge  had 
been  conditioned  t'l  the  two  extreme  temperatures  stipulated  in  the 
military  requli.etfier.t3 ,  e.r.  M'!-l  cutter  was  used  to  determine  whether 
or  not  the  cutter  would  h.?  distorted  by  the  selected  charge.  Al¬ 
though  the  cutter  hl.ad.-  complete  its  stroke  in  each  of  the  six  rounds, 
the  reefing  lire  vi-?  n-.  t  s:.t;nrad  es  cleanly  as  in  the  working  model. 
Two  rounds  each  weiv  firtd  at  the'  following  temperatures;  200®,  -65®, 
and  -90'''  F;  .and  thor:  wax  n  dist-^rtlon  •■'n  .any  of  the  units. 

Tne  sec..ind  .  f  the  flnnl  tc.stlng  program  consisted  of  ten 

firings.  Five  rc/ursds  vire  fired  vitr.  the  wsrklng  model  so  that 
pressures  r.r.uld  he  nccrUtd,  and  five  were  fired  with  the  MC-1  cutter. 
These  firings,  listed  tclov,  were  conducted  at  70®  ?. 


Pressure 


W,  r>.i  ::t  M  del 


2 

:5 

4 

5  M  •  I  «  ..t  t  r 

b 

7 

8 
9 

iO 


720 

740 

820 

740 

dOO 

N.  instrumentation 
Nj  l.;scniinentatT.-fi 
No  tr.strumentatlop 
No  strumcntatlon 
N  '  i-.xtrumentatlon 


NOTE;  Rjellr.g  l.i  •.>-  •  .  .tu  1  •  v.f  . ‘-.r-.  d  t.  r  cuch  round. 


6 


By  the  end  of  July  1959,  Sfimples  tf  the  first  XM83  cartridge 
(Figure  3)  fabricated  were  received  for  analysis.  A  study  of  these 
shoired  that  tolerances  were  building  up  in  the  seal  and  ring,  and 
that  minor  revlsiions  ware  necessary.  A  month  later,  300  cartridges 
were  received  for  final  engineering  tests. 

Firing  and  X-raytng  of  these  cartridges  indicated  that  the  sen¬ 
sitivity  of  the  primers  was  not  within  specified  limits.  Improve- 
ments-W^'leffected  by  the  manufacturer  at  this  arsenal’s  request, 
and  a  new  shipment  of  primers  was  received.  These  were  inspected 
and  X-rayed  early  in  1960, 

They  were  assembled  in  cartridges,  and  their  sensitivity  was 
then  checked  In  drop  tests.  The  prlmars  proved  to  be  satisfactory. 

In  February  the  first  cartridges  were  fired  in  the  lot  acceptance 

tests.  Tnere  was  no  evidence  cf  cartridge  case  distorticn  after 
these  firings. 

In  tV:e  final  phase  cf  the  charge  establishment  program,  fifty 
XM83  cartridges  were  fired  In  MC-1  reefing  lire  cutters  and  ten 
were  fired  In  o  working  model  so  that  tpcratlr.g  pressures  could  bo 

recorded.  Five  ol  these  firings  were,  mada  with  tv.e  cartridge  condi¬ 

tioned  to  -65’'  F  and  five  with  t'ae  cartridge  conditioned  to  200“  F, 
Ballistic  data  were  not  obtained  during  these  tests  since  no  pro¬ 
visions  had  tsen  made.  Table  1  lists  the  results  obtained  with  the 
MC-1  cutter;  Table  7.1  gives  the  results  cbtalr.ed  with  the  working 
model. 


TA37.^  I,  i  f  arge  l  .■it'-.hllsfvmor.t  Firing  lest 

Prs, Vclt.g  '  V- 1  Kc-^  ilng  line  Cutte-r.s 


T-'-PV 

N'o.  cf 

».  und.'^ 

-65 

15 

'M 

20 

15 

NCTBt  Raeflng  Iln.*  t.-nrletvly  ar-d  f^r  i-ach  round. 


\ 
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;SB1iE  II,  C>,arge  Establishment  Firing  Test 


Results  Using 

Working  Model 

Round 

Temp 

Max  Pressure 

No. 

C*F) 

(psi) 

1 

-65 

740 

2 

-65 

740 

3 

-65 

760 

4 

-65 

730 

5 

-65 

700 

6 

200 

690 

7 

200 

690 

8 

200 

700 

9 

200 

720 

—  10 

200 

680 

NOTE;  Reefing  line  completely  sheared  for  each  round. 


QUALIFICATION  TESTING 


The  qualification  program  for  the  XM83  cartrij^e  was  limited 
to  low  and  high  temperature  tests  conducted  in  accordance  with 
Specification  M1L>E>5272C.*  Altitude,  humidity,  shock,  moisture, 
and  fungus  tests  were  not  made  because  cartridges  of  a  similar  de¬ 
sign  had  been  tested  under  these  conditions  and  had  been  approved. 
The  drop  tests  were  performed  to  check  the  sensitivity  c-f  the 
primers.  The  data  recorded  met  requirements.  Lncked-shut  and  no- 
load  tests  were  not  required. 

A  total  of  70  ro..nd5  was  fired  at  -65''.  70®,  and  200*  F  to 
determine  satisfactory  performance  at  these  tcmperaturcrs.  A  si:m- 
roay  of  the  temperature  tests  Is  given  In  Table  III, 


ON 


3i;n 


It  was  concluded  t-.3t  the  XMS3  cartridge  can  be  used  with  the 
MC-1  heavy  duty  reefing  line  cutter  and  the  TOT W  Mechanical  Ini¬ 
tiation  Timer. 


♦Environmental  explanation. 
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RECOMMENDATION! 


It  la  recommended  that  the  XM83  cartridge  be  adopted  aa  a 
8tandard..ltem  for  use  with  the  TOTCO  Mechanical  Initiation  Timer. 


ll 


APPENDIX 


Military  Roqiiirenentr 

The  Ordnance  Corpe  shall  derelop  the  XM83  cartridge  and  fabricate, 
test,  and  fumiah  to  WADD  the  developed  cartridge  for  reefing  line 
cutting  in  heavy  duty  parachute  aseenblies  in  accordance  with  the 
requirements  specified  herein. 

PART  I  STATEMENT  OP  WORK 

A.  This  MIPR  provides  for  the  design  and  development  of  a 
cartridge  to  be  used  for  reefing  line  cutting  in  heavy  duty 
parachute  assemblies.  The  developed  catrldge  shall  fulfill 
the  following  requirements: 

1.  Be  hermetically  sealed  . 

2*  Shall  be  developed  for  use  with  the  TOTCO  Mechanieal 
Initiation  Timer  (without  modification  to  the  timer) 
furnished  by  the  Procuring  Agency. 

3*  The  cartridge  shall  not  protrude  beyond  the  end  of 
the  Initiation  Timer. 

The  cartridge  shall  be  capable  of  actuating  at  a 

\ 

temperature  range  of  -65®  to  ♦  160®F,  a  standard 
reefing  line  cutter,  Air  Force  Drawing  el<tO, 
with  sufficient  energy  to  sever  a  2-uly,  600C  pound 
reefing  line  fabricated  from  nylon  webbL'ig  in  accord¬ 
ance  with  Military  Specification  MIL.VJ4088  (USAF), 
Type  XVIII,  Condition  *(J*.  The  hi|^  and  low  tempera¬ 
ture  requirements  shall  be  in  aeeordanee  with  Pro¬ 
cedure  I,  NIL-B-5272. 
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5.  Th«  cutter  aasenbly  Including  cartridges  shall  have 
a  perfomance  reliability  of  not  less  than  *'}  signs 
based  on  a  ecnfldence  level  of 
B«  The  Ordnance  Corps  shall,  as  a  result  of  the  work 

aceonplished  in  accordance  with  Paragraph  A  above  and  in 

\ 

accordance  with  the  schedule  set  forth  in  Part  II  hereof, 
submit  the  following  items: 

1.  Item  I  .  Conduct  final  engineering  tests  and  prepare 
a  final  letter  report  for  approval  by  the  procuring 
agency  containing  all  pertinent  calculations  and 
test  data. 

2.  Item  II  -  Prepare  procurement  data  in  accordance  with 
Frank ford  Arsenal  practice  to  consist  of  drawings  and 
specifications  for  the  approved  cartridge. 

3.  Item  HI  -  Twelve  hundred  (1200)  each  cartridges. 
Reefing  Line  Cutting  in  accordance  with  data  approved 

'  under  Paragraph  A  and  Item  I  and  II  above. 

PART  II  TIKE  OF  PERFORMANCE  AW)  DELIVERY  INSTRUCTIONS 

A.  The  Ordnance  Corps  shall  cor.mence  work  upon  acceptance  of 
this  MIPR  and  shall  complete  all  work  and  delivery  of  items 
within  five  (5)  months  thereafter. 

B.  The  items  required  by  Part  I  hereof  shall  bo  6  jLnitted 
in  accordance  with  the  following  schedule: 

1.  Items  I  and  II  shall  be  submitted  within  ninety  (90) 
days  after  receipt  and  acceptance  of  this  MIPR, 

2.  Item  III  -  shall  be  submitted  within  sixty  (6)  days 
after  approval  of  the  data  submitted  under  Item  I 
and  II. 


13 


C.  Delivery  Inatnietlona 


1.  liens  I  and  II  shall  be  submitted  to: 

_  —  Commander 

Wright  Air  Developnent  Center 
ATTN:  WCLEH-ii,'. 

Wright«Patterson  AFB.  Ohio 

2.  Item  III  shall  be  submitted  to: 

Transportation  Officer 

AFB  2300,  Bldg  25R 

M/F  Dept  5^,  Attn:  WCLEH-|4 

MIPR  Ho.  (33-616)  58-47 

Wrlght-Patterson  Air  Force  Base,  Ohio 

D.  All  reports  and  correspondence  submitted  shall  contain  the 

MIPR  Number,  Project  Number  and  Task  Number  designated  on  the 

cover  page. 

PART  III  ADMINISTRATIVE  DATA 

A.  All  administrative  natters  pertaining  to  this  MIPR  con¬ 
cerning  personnel,  facilities,  contracting,  time  of  performance 
and  terns  shall  be  referred  to: 

Commander 

Wright  Air  Development  Center 
ATTN :  WCKCP  i 

Wrlght-Patterson  Air  Force  Base;  Ohio 

B,  All  natters  of  a  technical  nature  shall  be  referred  to: 

Commander 

Wright  Air  Development  Center 
ATTN :  WCL~H-4 

Wrlght-Patterson  Air  Force  Base,  Ohio 
PART  IV  ACCEPTANCE  \ 

A.  Three  (3)  copies  of  the  cbligating  liistrunents  (one 
certified)  resulting  from  this  MIPR  shall  be  forwarded  to: 
Commander,  Wright  Air  Developnent  Center,  ATTN:  WCKCP,  Con¬ 
tracting  Officer  for  Inter-departnental  Procurement,  Wrlght- 
Patterson  Air  Force  Base,  Ohio. 
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B*  The  Aeronautical  Accensorles  Laboratory,  WADC, 

WPAFB,  Ohio,  is  hereby  designated  as  the  point  for  .".nal 


PART  ▼ 


PART  VI 


inspection  and  acceptance  by  the  Air  Force  for  all  work  called 

/  - 

for  under  this  MIPR.  \ 

\ 

AIR  FORCR  FURNISffiD  PROPERTY 

The  U.  S.  Air  Force  shall  furnish  to  the  Ordnance  Corps 
for  use  in  connection  with  this  MIPR  the  Goremaent  furnished 
property  listed  in  subparagraph  1  below  and  such  other  property 
as  may  be  approved  by  the  Contracting  Officer  subject  to  the 
provisions  of  subparagraph  2  below: 

1.  a.  Ten  (10)  each  TOTCO  Initiation  Timers, 

b.  Ten  (lo)  each  reefing  line  cutters  and  necessary 
quantity  of  reefing  lino  for  the  development, 

2.  The  Air  Force  shall  furnish,  for  use  in  connection 
with  the  performance  of  this  MIPR,  the  property 
described  above.  Accountability  of  such  property 
will  be  transferred  to  the  performing  agency.  Upon 
termination  or  cc^uletlor:  of  work  to  bo  performed, 
residues  of  the  property  shall  be  returned  to  the 
Air  Force  as  the  Contracting  bf fleer  may  direct. 

MIPR  CONTENTS 


This  MIPR  consists  of  DD  Font  the  5chedu;e  consisting 

of  Part  I  thru  VI  Inclusi'--  ">1  pager.  A,  B  and  C  inclusive  and 
the  General  Previsions  conaisting  of  paragraph  1  thru  6  and  0 
thru  11  on  pages  1  thru  3  Inclusive. 
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1  •  Attn:  Director  of  General 
Equipment  Testing 
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U.S.Arnw  'Supply  and  y».*lncepance 
Command' 

Attn:  Director  ot  Maintc!:?nce , 
AM5SM-M 

Vato.irgton  25,  D.  C. 

1  •  Aitn;  Director  of  Supply, 

AMSSM-S 
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1  -  Commanding  General 
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Materiel  Command 
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P.  0.  Box  209,  Main  Office 
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1  •  Attn:  Director,  Engineering 
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U.S.Army  Combat  Development 
Command 

Attn:  Scientific  Advisor,  CDCSA 
Fort  Belvolr,  Virginia 

1  -  Attn:  Director,  Operations 

Research  &  Experimental, 
CDCFE 

1  -  Attn:  Director,  Plans,  Programs, 
A  Intelligence,  COCPI 

1  ■  Attj.: -Director,  Concepts  & 
Doctrine  Development, 

CDCCD 

1  -  Attn:  Director,  Materiel  Re¬ 
quirements  ,  CDCMR 

1  -  Attn:  Director,  Doctrine  & 
Organization  Media, 

CDCDM 


1  -  Commanding  Officer 

U.S.Army  Research  and  Devel¬ 
opment  Laboratory 
Attn:  Technical  Director 
Edgevood  Arsenal,  Maryland 

1  -  Commanding  Officer 

U.S.Army  Research  Offlce-Durham 
Attn:  CRD-AA-E 
B6x  CM,  Duke  Station 
Durham,  North  Carolina 

1  •  Attn:  CRD-AA-X 

1  -  U.S.Army  Field  Office,  USAFSSD 
Bldg  #1,  Room  250 
5730  Arbor  Vitae  Blvd. 
Inglewood,  California 

\ 

1  -  Conmandlng  Officer 

Harry  Diamond  Laboratories 
Attn:  Technical  Director 
Washington  25,  D.  C. 

1  -  Attn:  AMXDO-TIB 

1  -  Commanding  Officer 

U.S.Army  Aviation  Center 
Attn:  Director,  USAATBG 
Fort  Rucker,  Alabama 

1  -  Attn:  Director,  USAATHRE 

1  -  Attn:  Director,  USABAAR 


1  -  Commanding  Officer 
Rock  Island  Arsenal 
Attn:  XechnicHl  Director 
Rock  Island.  Illlncis 

l_^__^t^-Chlcf ,  Design  Engineering 
Branc):,  SWERI-RDD 

1  -  Co-mmandlng  Officer 
Pleat inny  Arsenal 
Attn:  Technical  Director 
Dv'iver,  New  Jersey 


1  -  Commanding  Otflctsr 

U.S.Army  Trsr. •portatlon 
Research  C  mnand 
Attn:  Technlcnl  Dlrectf'r 
Fort  Evstls,  Virginia 

NATIONAL  AERONAUTICS  AND 
SPACE  ADMINISTRATION 

1  -  Director 

NASA  Langley  Research  Center 
Attn:  Mrs.  E,.R.  Gilman,  Librarian 
Langley  Station 
Bao^ton,  Virginia  23365 
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1  -  Director 

NASA  Goorge  C.  Marsh^ill 
Spacft  Flight  Cavitsr 
Attn:  Saturn  SyatRtn  Office 
Huntsville,  Alabama 

1  -  Attn:  Light  nnd  Medium 
Vehicles  Office 

1  -  Attn:  Prcpulalon  ar.d  Energy 
Dlvlslctr. 

1  -  Attn:  Future  Prcjects  Office 
1  -  Attri:^Rftsenrch  Projects  Office 

1  -  Director 

NASA  Manned  S;>«ci:arn£t  Center 
Attn:  Gamlr.t  Spacecraft 
Projects  Offlc*^ 

Houston  1,  Texas 

2  »  Attn:  Mr«  Chas,  M,  Gc)»nt,  Jr* 

Chief,  TecV*‘.lt.;.l  Informa¬ 
tion  Divlslv:;.,  Cel.-.  ACI 
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Projects  Office 
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Center 
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1  •  Director 
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1  -  Director 
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U.S .Naval  Ordnance  Teat.-  Stajslon 
Attn:  0.  H.  Strletzel, 

Code  4574 

China  Lake,  California 
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1  -  Oonwarsder 

Naval  Air  DevelopT..'nc  Cancer 
Att.n:  Technical  J.j'brary 
J ohns vl lie,  Pennsy 1 vnaiu 

MR  rOTtCB 
J  -  Conmander 

A^ronautflcal  Systems  Division 
Attn:  ASiJRMP-24,  Mr.  R.  Dobbek 
Wrlght-Patterson  Air  Force  Base 
f>hlo 
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Information  Facility 
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1  -  U.S.A.F,  Sj.-jcii'.l  Wei:pons  Center 
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